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Abstract
·AIM:Tomeasurechangesoftotaloxidantstatus(TOS)
andtotalantioxidantcapacity (TAC)ofaqueoushumor
(AH)indiabeticretinopathy (DR)patients,andto
determineiftherewereanydifferencesinTOSandTAC
ofAHindiabeticpatientswithoutretinopathycompared
withnon-diabeticpatients.
· METHODS:Onehundredandthreeeyesof103
patientswhowereenrolledforcataractsurgerywere
includedinthisstudy.Patientsweregroupedaccording
topresenceofdiabetesandstageofDR.Priortocataract
surgery,0.1mLto0.2mLofAHwasaspiratedand
analyzedforTACandTOSlevelusingacolorimetric
method.
·RESULTS:TOSlevelswerehighestamongproliferative
diabeticretinopathy(PDR)patientsandlowestinpatients
withonlycataracts.Resultswerestatisticallysignificant
betweenallgroups ( <0.05).Whereasresultbetween
diabetic without retinopathy patients and non-
proliferativediabeticretinopathy(NPDR)patientswasnot
statisticallysignificant ( =0.757).TAClevelswere
highestinpatientswithonlycataractandlowestamong
PDRpatientsandresultswerestatisticallysignificant
betweenallgroups( <0.05).
·CONCLUSION:AqueoushumorTAClevelsarelowin
diabeticpatientsandreducedfurtherinDRpatients,TOS
levelsareincreasedindiabeticpatientsandthisis
exacerbatedinDRpatients.
·KEYWORDS: aqueoushumor;diabeticretinopathy;total
antioxidantcapacity;totaloxidantstatus
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INTRODUCTION
D
iabeticretinopathy(DR)istheleadingcauseof
preventableblindnessinworking-agedpeople
[1,2].Major
factorsforDRprogressionarehyperglycemia,diabetes
duration,hypertension,pregnancyandpuberty
[3].Although
thereareclearlydefinedriskfactorsforDRprogression,itis
currentlynotpossibletopredictwhowilldevelopretinopathy
orprogresstoadvancedstagesofthedisease.Recognizing
thepotentialroleofoxidativestressintheprogressionofDR
haschangedthescopeforpredictiveoxidativebiomarkers
anditsabilitytodetectDRriskfactorsearlierinthedisease
process. Therearemanystudies investigatingthe
relationshipsbetweenDRandoxidativestress.Despitethese
studies,therearestillnosensitivemarkersthatcanpredictor
quantifytotaloxidantstatus(TOS)andtotalantioxidant
capacity(TAC)inDRpatients.Thislackofreliable
biomarkerspreventsearly,cost-effectivemeasurestotarget
thosewhomightbenefitfromintensivediabetictherapy.Itis
importanttonotethat,besidestheseclassicalantioxidants
suchasglutathioneperoxidase,glutathionereductaseand
somemetals(suchaszinc,manganeseandselenium)may
alsoplayanimportantroleinthetreatmentofdiabetes
[4-7].We
believethatitisnotrelevanttoinvestigateonebyone
analysisofantioxidantsormetals,becausetheireffectsare
531additiveandmayproducesynergisticorantagonisticeffects
andmaynotbethemosteffectivestrategywhentryingto
predictapatientsriskofdeveloping DR.Therefore
investigationofTOSandtotalTACofthesampleswouldbe
morerelevantthantheinvestigationofindividualmarkers
(suchasglutathioneperoxidase,glutathionereductase,zinc,
manganese. ).
Toourknowledgethisisthefirststudy,whichinvestigates
TOSandTAClevelsofaqueoushumor(AH)inDRpatients
andtherelationshipbetweentheselevelsandretinopathy
stages.Hence,thecurrentstudywasundertakentoevaluate
theroleofoxidativestressstatusandantioxidantcapacityof
AHinDRprogression.
SUBJECTSANDMETHODS
Subjects ThecurrentstudywasperformedattheTurkish
MinistryofHealthAnkaraUlucanlarEyeEducationand
ResearchHospitalRetinaClinicbetweenJuly2010and
March2011.Theeyesof103patientswhowereenrolledfor
cataractsurgerywereincludedinthisstudy.Allpatientswere
TurkishCaucasians.Allprocedureswereconductedin
accordancewiththeDeclarationofHelsinkiandinformed
consentwasobtainedfromallpatients.Thelocalmedical
ethicscommitteeapprovedthestudy.Allsubjectsreceived
ophthalmologicexaminationsincluding:medicalhistory,
preoperativebest-correctedvisualacuity (BCVA),slit-lamp
biomicroscopywithandwithoutpupildilatation,and
applanationtonometryforintraocularpressure(IOP).
Systemicdiseases,durationofdiabetesandfastingblood
glucoselevelofpatientswererecorded.BCVAwaschecked
withaSnellenchartandthenconvertedtologMARvalues.
Fundoscopicexaminationwascompleted aVolk誖 +78D
lensandifrequiredfundusfluoresceinangiography(FFA)
wasperformedtodeterminethestageofretinopathy.If
retinopathywasfound,retinopathystagewasdetermined
accordingtoEarlyTreatmentDiabeticRetinopathyStudy
(ETDRS)asnoretinopathy, non-proliferativediabetic
retinopathy(NPDR)orproliferativediabeticretinopathy(PDR).
Methods
Patientgrouping Patientsweregroupedaccordingto
presenceofdiabetesandthestageofDR.Retinopathywas
gradedbysingleretinaspecialistpriortocataractsurgery.For
allpatientsninefundusphotographsweretakenofeacheye
aftermaximumdilationinninefieldsofgaze.Ifrequired
FFAwasperformed.Everyretinallesionwasassessedand
retinopathygradingwasperformedaccordingtoETDRS
scoringsystem.Alldiabeticpatientsweretype2.Group1
(control)wascomposedof33non-diabeticpatientswith
cataracts.Group2wascomposedof19diabeticpatients
withoutretinopathy.Group3wascomposedof25NPDR
patientsandgroup4composedof26PDRpatients.Inclusion
criteria allowedfordiabeticandnon-diabetic patients
diagnosedwithsenilecataracts.Exclusioncriteriaincluded:
patientswhowithdensecataractsthathinderedretinopathy
staging,presenceofmacularedema,previousocularsurgery
orlaserphotocoagulation,type1diabetes,historyof
glaucoma,retinalveinocclusion,uveitis,andanyother
posteriorsegmentpathologies.
Aqueoushumorsampling Cataractpatientsreceivedtopical
cyclopentolateHCl1.5% (Sikloplejin 誖 ,AbdiIbrah覦m,
Turkey)andtropicamide1.5%(Tropamidfort誖 ,BilimDrug,
Turkey)priortosurgery.Nonsteroidalanti-inflammatory
agentswerenotadministeredbeforeallsurgicalprocedures.
Inallcases,thiswasthepatients'firstintraocularsurgical
procedure.Atthe beginningofcataract surgery,
0.1mL-0.2mLofAHwasaspiratedwitha26gaugeinsulin
syringefollowedbycataractsurgerywascarriedoutusing
standardtechniques.Nocomplicationoccurredinanystepof
AHsampling.Sampleswerestoredimmediatelyat-80℃
untilbiochemicalanalysis.
Biochemical determinations of TOS and TAC
MeasurementofTACandTOSlevelsoftheAHwas
performedusingacolorimetricmethod,whichwasfirst
describedbyErel
[8].Briefly,inthismethod,whenastandard
hydrogenperoxidesolutionisoxidizedwithfreeradicals,a
yellow-browncolorisproduced.Therefore,antioxidants
withinthesamplesuppresstheoxidationandcolorformation.
Thisreactionismonitoredbyspectrophotometryandthus
TACcanbe indirectlymeasured. SimilartoTAC
measurement,oxidizationofferrousironbyoxidantsinthe
samplecausesaquantifiablecolorchangeallowingTOS
measurement.Resultswereexpressedasmillimolartrolox
equivalentperliter(mmoLEqv./L)forTACandmicromolar
hydrogenperoxideequivalentperliter( 滋 moLH 2 O 2Eqv./L)
forTOS.
Statistical Analysis SPSSVersion15.0forWindows
(SPSSInc.,Chicago,IL,USA)wasusedforallstatistical
analysis.Statisticalanalysisincludedthedifferenceineach
parameterstudiedbetweengroups.Spearmancorrelationtest
andanalysisofvarianceANOVAtestwereusedfor
statisticalanalysisinthestudy.Atwo-tailedprobabilityof
0.05wasconsideredstatisticallysignificant.
RESULTS
Theeyesof103patientswereincludedinthisstudy.
Forty-ninesampleswerefromtherighteyeofpatientsand54
fromthelefteyeofpatients.Forty-fivepatientsweremale
and58 were female.Genderdistributionandeye
lateralizationweresimilarbetweenthegroups,andtherewas
nosignificantdifferenceinageandgenderacrossgroups( >
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0.05) (Table1).Additionally,therewerenosignificant
differencesinBCVAandIOPlevelsbetweengroups( >
0.05).However,thedurationofdiabetesinpatientswas
significantlydifferentbetweengroups( <0.05)(Table1).
TOSandTAClevelsfromtheAHwerecomparedbetween
thefourgroupsofpatients.Therewasalinearrelationship
betweenTOSlevelsandtheseverityofRDinpatients,with
thelowestTOSlevelsrecordedfromgroup4(PDRpatients)
andhighestTOSlevelsfoundatgroup1(controlpatients)
(Figure1AandTable2).Thereweresignificantdifferences
inTOSlevelsfromtheAHbetweenallgroupsexcept
betweengroup2(diabetes,noretinopathypatients)and3
(NPDRpatients)(<0.05,betweengroup2-3 =0.757).
TherewasalsoalinearrelationshipinTAClevelsaswell,
withthehighestTAClevelsobservedingroup1(control
patients)andlowestlevelsobservedatgroup4(PDR
patients)(Figure1BandTable2).WhenmeanTAClevelsof
groupswerecompared,theyweresignificantlydifferent
betweenallgroups(<0.05).MeanTACandTOSlevelsof
groupswereshowninTable2.
Meandurationofdiabetesatgroup2(diabetes,no
retinopathy)was7.74依7.30(0.1-25)years,atgroup3(NPDR),
diabetesdurationwas8.20依6.13(4-30)yearsandatgroup4
(PDR)itwas16.26依6.87(6-30)years.Whendiabetesduration
wascompared,therewasasignificantdifferencebetween
groups( <0.001).Wealsowentontodetermineiftherewas
acorrelationbetweenthedurationofdiabetesandTOS/TAC
levelsintheAH.Indeed,therewaspositivecorrelation
betweendurationofdiabetesandTOSlevels(<0.001 =
0.400)andnegativecorrelationbetweendurationofdiabetes
andTAClevels( <0.05, =-0.526).
DISCUSSION
Inthecurrentstudy,wehaveshownthatAHTOSwas
increasedindiabeticpatientswhencomparedtopatientswith
onlycataracts.Inaddition,theincreaseinTOSwaseven
moremarkedindiabeticpatientswithretinopathy.Aqueous
humorTACwasdecreasedindiabeticpatients,whichwas
alsoexacerbatedindiabeticpatientswithretinopathy,when
comparedtopatientswithcataractsalone.Yokoi
[9]have
showedthatincreasedoxidativestressanddecreasedTAC
vitreouslevelsindiabeticpatientsmayplayroleindiabetic
retinopathypathogenesis inductionofvascular
endothelialgrowthfactor(VEGF).Itwasshownthat
oxidativestressincreasesadvancedglycationend-products
formationandtheseproductsincreaselevelofVEGF,which
isanoxidative stressmarkerandhasarolein
Figure1TOSandTAClevelsofgroups A:TOSlevels;B:TAClevels.
Table 1  Demographic data and clinical properties of participants 
Parameters  Group 1  Group 2  Group 3  Group 4 
Age (a)  67.7±11.2  66.1± 11.8  64.8± 9.5  62.4± 8.6 
Gender, n (% )         
M  15 (45.5)  7 (36.8)  11(44)  12(48) 
F  18(54.5)  12(63.2)  14(56)  13(52) 
1BCVA (logMAR
2)  1.0728±0.57  0.39±0.72  1.41±0.66  1.84±1.02 
3IOP (mmHg)  14±3.42  19.4±3.89  16.80±3.76  16.19±3.21 
Duration of diabetes (year)  -  7.74±7.30  8.20±6.13  16.26±6.87 
1Best corrected visual acuity; 
2“Logaritm of the minimum angle of resolution” unit; 
3Intraocular pressure. 
Table 2  Mean TAC and TOS levels                                                s x –  
Parameters  Group 1  Group 2  Group 3  Group 4 
n  33  19  25  26 
1TOS (μmoL H2O2 Eqv./L )  31.26±20.64  75.91±37.70  79.56±33.82  95.05±25.78 
2TAC (mmoL Eqv./L)  2.54±0.71  2.02±0.65  1.46±0.55  0.88±0.65 
1Total oxidant status; 
2 Total antioxidant capacity. 
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[9].
Sone
[10] studiedVEGFintheoculartissuesofdiabetic
ratsandtheyshowedincreasedlevelintheAH.Nitricoxide
isalsoanoxidantmoleculethatcontributestoTOSofa
samplebyproducingunstabletoxicchemicals,suchas
superoxide
[11].Chiou
[12] showedhigherlevelsofnitric
oxideintheAHofdiabeticpatients,andemphasizedthat
controlofnitricoxidelevelsinoculartissuesofdiabetesmay
decreaseangiogenesisandneovascularization.Chakrabarti
[13]studiedondiabeticratsandtheirfindingssuggestthe
potential roleof endothelin-1,apro-inflamatoryand
oxidativevasoconstrictormediatorinDR.Theyconcluded
thatvasoactivefactorssuchasendothelin-1,VEGFandnitric
oxide,onaccountoftheirmulti-functionalcapabilities,may
playsignificantrolesaseffectormoleculesinmediatingthe
pathogenesisatearlychangesinDR
[13].Thesestudiesdonot
representtheTOSofdiabeticpatientssincetheyfocusedon
oneortwomediatorofoxidationandthus,showchanges
onlyinafewoxidativemarkers.Atthispoint,itisunknown
howmuchendothelin-1,VEGFandnitricoxidecontributeto
theTOSofasample.Todate,therearenostudiesthatshow
acorrelationbetweenthesemarkersandTOS,butshouldbe
studiedinthefuture.Turk
[14] studiedserumlevelsof
superoxidedismutase,catalaseactivitiesandthiobarbituric
acidreactivesubstancelevelsintype2diabeticpatientsand
foundincreasedsuperoxidedismutaseandthiobarbituricacid
reactivesubstancelevelsanddecreasedserumcatalaselevels.
Theyelucidatedthisdifferenceascompensationmechanism
ofthebody.
Manystudieshaveworkedonmarkersofoxidativestressin
diabeticpatients.However,mostofthesestudieshave
measuredonlyonemarkerofoxidativestress,generallyfrom
theserumofdiabeticpatients.Itiswellknownthatmarkers
ofoxidativestressoftenworktogetherandtheireffectsmay
besynergistic
[15].Therefore,wesuggestthatshowingtotal
amountofoxidativemarkerswillultimatelybemorerelevant
forthetreatmentofdiabeticpatients.Also,showingthe
oxidativestatusofAHratherthanserummaybemore
relevant.Inthecurrentstudy,weanalyzedbothTOSand
TAClevelsofAHindiabeticpatientsandfoundsignificant
differencesinbothwhencomparedtonon-diabeticcontrols.
TAClevelsweredecreased,whileTOSlevelswereincreased
inDRpatients.MoststrikingwasthefindingthatasDR
progressed,TOSincreasedandTACdecreased.Thehighest
levelsofTOSinAHwerefoundinPDRpatientswhilethe
lowestTOSlevelswereinnon-diabeticcontrols.Incontrast,
thelowestTAClevelswerefoundinPDRpatientsandthe
highestTAClevelswereinnon-diabeticcontrols.Inastudy
byMemisogullari
[16],serumglutathioneandglutathione
peroxidaselevelswereshownassignificantlydecreasedin
diabeticpatients.Lamont
[17] haveshownapositive
correlationbetweenTAClevelsandantioxidantsincluding
glutathione,albumin,uricacid,bilirubinandcreatinine.
Importantly,TACisameasureoftheantioxidantcapacityof
allantioxidantsinabiologicalsampleandnotofasingle
compound.While,correlationofTACwithindividual
antioxidantsshouldalsobeelucidated.Therelationship
betweenTACandindividualantioxidantswasstudiedby
Nemec
[18],andtheyreportedatrendforapositive
correlationbetweenTACandalbumin,vitaminEandlipid
standardizedvitaminEinserumfrombeagles.Additionally,
theyfoundatrendtowardanegativecorrelationbetween
TAClevelsandbilirubin,vitaminAand 茁-carotene.Erel's
grouphaspreviouslyreportedacorrelationbetweenserum
TAClevelsanddifferentantioxidantmoleculesincluding:
vitaminC,vitaminE,bilirubinandproteins,whicharemain
componentsofserumbytheErelmethod.Theyfoundthat
proteinsaccountforalmosthalf(48.89%)ofthetotal
antioxidantresponseinserum
[8,19].Additionally,they
measuredthe estimatedcontributionofeachofthese
moleculestothetotalantioxidantresponseofserum.Thus
measuringTACcangiveasample'soverallantioxidant
status,whichmayincludeknownantioxidantmolecules
effectsorthoseofantioxidantsnotyetdetermined.Inthe
currentstudy,wemeasuredTOSandTAClevelsfromAH
bytheErelmethod.Therearedifferentmethodstomeasure
TOSandTAC,andthemajorityofthesemethodshave
analyticalproblemsandtechnicalrestrictions.TheErel
methodisasensitiveandreliablemethodthatishighly
reproduciblewithstronglinearity, andutilizesnewly
developedferrousion-o-dianisidinecomplex
[8,19].Therearea
largenumberofstudiesmeasuringTACandTOSbythis
method
[20-25].However,therearenostudieswhichhaveused
thismethodtoshowTACandTOSofAH.Thismethodalso
hassomedisadvantages.ABTS[2,2'-azinobis-(3-ethylben-
zothiazoline-6-sulfonicacid)]radicalusedto analyze
antioxidantmoleculehashighextinctioncoefficientthat
limitsthemeasurementoftoolittleantioxidantmolecules.
Wedonotknowifthismethodcapableofmeasurementof
AHaccurately.Furtherstudiesonhealthysubjectsorwith
largegroupsshouldbeinitiatedtoshowwhetherthismethod
accuratelytestsTACandTOSofAHornot.Correlationsof
TOSandTACwithsomeindividualoxidant/antioxidant
markers(suchasVEGF,nitricoxideandendothelin-1)
shouldalsobeclarified.
ToourknowledgethisisthefirststudytodemonstrateAH
TOSandTAClevelsaccordingtoretinopathystages.AH
TOSlevelsincreasedasDRprogressedwhileTAClevels
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decreased.Yoshida
[26] comparedAHTACbetween
patientswithPDRanduveitis.TheydemonstratedthatAH
antioxidantcapacitywaslowerinPDRpatientsthanuveitis
patients.Inourcurrentstudy,weusedacontrolgroup
(non-diabeticswithcataracts)andpatientspresentingat
variousstagesofDR,whichallowedustoanalyzepatients
accordingtogradeofretinopathy.WeshowedthatasDR
progressed,TACleveldecreased.Moreover,arecentstudy
oftype1diabeticssuggestedthatantioxidanttherapywith
vitaminEmightnormalizediabeticretinalhemodynamics
[27].
Therefore,itmaybeimportanttofurtherinvestigateTAC
levelsofAHindiabeticsinfutureantioxidanttreatment
studies.Hartnett
[28] alsostudiedserumlevelsofTOS
andantioxidantlevels;superoxidedismutaseandglutathione
peroxidaseinDRpatients.Theyshowedapositive
correlationbetweenoxidativestressinDRandnegative
correlationbetweenglutathioneperoxidaseandsuperoxide
dismutaselevelsinDR.Theseresultsareinagreementwith
theresultsfromourstudy.However,theydidnotfindany
statistically significant differencebetweendurationof
diabetesandDR.Therearemanystudiesintheliterature
demonstratingcataractformationincreasesAHoxidantstatus
anddecreasesAHantioxidantcapacity
[29-32].Allpatientsin
ourstudyhadcataracts.Thus,weaimedtocomparetheTOS
andTAClevelsofAHindiabeticandnon-diabeticotherwise
healthypatientswithcataracts.Ourresultsdemonstratethat
diabetesincreasesTOSanddecreasesTAClevelsincataract
patients.Thus,thedifferencesinTOSandTAClevelsare
relatedtodiabetesstatusratherthanthecataractsthemselves.
Hashim
[33] studiedserumoxidantandantioxidant
markersinsenileanddiabeticcataractpatients.Similartoour
findings,theyshowedincreasedoxidativestressmarkersand
decreasedantioxidantmarkersindiabeticcataracts,whichis
concordantwithourstudy.Inthecurrentstudyitwasclear
thatdiabeticcataractpatientshadlowerAHantioxidant
statusthannon-diabeticcataractpatients.
Ourfindingsdemonstratethatdiabeticpatientshavean
increasedAHoxidantlevelandadecreasedantioxidant
capacitywithretinopathyprogression.Theseresultssuggest
animbalancebetweenfreeradicalgenerationandantioxidant
defensewhichmayplayaroleintheprogressionofDR.
Correlationanalysisrevealsthattheextentofoxidativestress
isanimbalanceinthelevelsofoxidantsandantioxidants,
whichisrelatedtotheseverityanddurationofdiabetes.
Basedonourfindings,itisevidentthatdiabeticpatientshave
higheroxidativestressinAHthannon-diabeticpatients.In
addition,diabeticpatientsinlaterstagesofretinopathy
progression,TOSlevelsareconcurrentlyincreasing.Itis
noteworthythatbesidesthestageofretinopathy,theduration
ofdiabeteswasalsorelatedtotheoxidativestatusinthese
patients.AHoxidativestresswaspositivelycorrelatedwith
longerdurationofdiabetes.Inconclusion,freeradical
formationalongwithantioxidantdeficiencyindiabetes
mellitusincreasesovertimeandmayplayanimportantrole
in thedevelopmentof DR,whichisanimportant
complicationofthedisease.Furtherworkisneededto
elucidatewhether thereexistsan associationbetween
antioxidantnutrientintakeandreductioninthedevelopment
ofdiabeticcomplicationsparticularlyretinopathy.
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